INTRODUCTION
The Cold Bay-False Pass area of the outer Alaska Peninsula extends west from near Pavlof Volcano to the east end of Unimak Island and from the Black Hills southward to Sanak Island (Fig. 1 ). This study examines the geology of previously unmapped areas of the Alaska Peninsula, Unimak Island, and several small islands on the Shumagin shelf.
The report also examines the petrology and sedimentology of rocks exposed onshore and speculates on the sedimentary Previous work includes reports on the Pavlof Volcano area by Kennedy and Waldron (1955) , the Frosty Peak area by Waldron (1961) and regional reconnaissance mapping by Burk (1965) . Moore (1973a Moore ( , 1973b reported on the structure and petrology of Sanak Island. Sanak basin, a recently discovered sedimentary basin that lies southeast of Sanak Island (Fig. 2 ), was first described by von Huene (1977a, 1977b) . A reconnaissance geologic map of the Cold Bay and False Pass 1:250,000 quadrangles has been recently published by McLean, Engelhardt, and Howell (1978) .
Newly found megainvertebrate fossil assemblages in Tertiary strata extend stratigraphic age control of these rocks to the end of the Alaska Peninsula.
Sedimentary structures and the distribution of lithofacies provide some insight into late Mesozoic and Tertiary environments of deposition.
MESOZOIC SEDIMENTARY ROCKS
Naknek Formation (Late Jurassic)
The oldest rocks that crop out in the Cold Bay area are exposed in bluffs and low beach cliffs in the Black Hills area on the north side of the Alaska Peninsula ( Fig. 2) and consist of gently dipping fine-grained arkosic sandstone of the Naknek Formation (Burk, 1965) . Strata are massive to thin-bedded and nearly devoid of sedimentary structures. The section locally contains fossil mollusks, including abundant Buchia and belemnites, and rare ammonites and gastropods. The fossil assemblage indicates a Late Jurassic (OxfordianKimmeridgian) age for the Naknek Formation (Burk, 1965) .
The Naknek sandstone is highly indurated mainly due to cementation by clayey matrix, calcite, and laumontite. The composition of four fine-to medium-grained sandstone samples is Qio FpQ L2 wnere P-i-s tne sum °f quartz, chert, and quartzite, F is total feldspar, and L is rock fragments. Sandstone mineralogy indicates that the Naknek Formation is derived from a source terrane composed of volcanic and granitic rocks. The molluscan fossil assemblage suggests a shallow-marine environment. The Shumagin Formation crops out on Sanak Island and nearby islands' (Fig.   2 ). The Shumagin Formation, first mapped by Burk (1965) and later studied in detail by Moore (1973a Moore ( , 1973b truded by a granodiorite pluton with a K-Ar age of 59.9 m.y. (Moore, 1973b) .
A Late Cretaceous age has been tentatively assigned to strata on Sanak Island on the basis of lithologic and structural correlation with similar rocks in the outer Shumagin Islands (Moore, 1973a) . Details on the structure and petrology of the Shumagin Formation are reported in Moore (1973a Moore ( , 1973b and only a few pertinent features of structure and lithofacies observed on Sanak and nearby Long Island are reviewed here.
Structure in the Shumagin Formation is complex and varied, and displays many features commonly observed in melange and broken-formation terranes in the Franciscan assemblage of California. On Sanak Island, structurally coherent blocks of massive sandstone commonly occur in a matrix of black sheared mudstone. Many folds are isoclinal with overturned limbs. Sequences of thinbedded flysch that locally contain ptygmatic and chevron folds are found in thrust contact with more coherent blocks and slabs of massive sandstone.
Cohesive sandstone units and most large fold axes trend northwest, but small folds in thin-bedded mudstone sequences seem to have more random orientations.
Locally sheared thin-bedded chert along the northeast shore of Long
Island is interbedded with highly sheared black mudstone and grayish-green weathering metagraywacke. A few meters of fractured and altered pillow basalt is interbedded with the chert-mudstone-graywacke sequence and crops out near the top of the chert and graywacke section. The structural relation of this sequence to the rest of the Shumagin Formation is unclear.
The chertmudstone-graywacke-basalt sequence may be a basement upon which the flysch sequence was deposited, or may represent an exotic block or slab tectonically incorporated into the Shumagin Formation. Several samples of chert (gray, green, and red varieties) were found to be barren of radiolarians. Petrographic and x-ray analyses of the metagraywacke interbedded with the chert sequence indicate that prehnite and pumpellyite form secondary minerals in addition to chlorite, albite, and epidote. This mineral assemblage indicates that the rocks have been metamorphosed to the prehnite-pumpellyite facies, and perhaps locally to the greenschist facies.
Samples of flysch sandstone from Sanak Island were also compared petrographically with Upper Cretaceous sandstone dredged from Pribilof Canyon in the Bering Sea (Hopkins and others, 1969 clast imbrication indicating flow to the east and south ( Fig. 3 and Table 1 ).
The assemblage of mudstone and shale with thin (Ta-c) turbidites (Bouma, 1962) and locally developed conglomerate channels is suggestive of a middle fan setting of a submarine fan system (Mutti and Ricci-Lucchi, 1978; Walker and Mutti, 1973) . Aspects of the sedimentology of the Hoodoo Formation are also reported by Mancini and others (1978) .
CENOZOIC SEDIMENTARY ROCKS
Tolstoi Formation of Burk (1965) (Paleocene or Eocene)
The Tolstoi Formation of Burk (1965) was briefly studied along the east shore of Pavlof Bay. These rocks consist of three principal lithofacies: (1) a massive volcanolithic sandstone with festoon crossbeds and wispy shale interbeds; (2) thin-bedded turbidite sandstone with flute casts indicating southward flow (Fig. 3, Belkofski Formation (Oligocene)
The Belkofski tuff, named by Kennedy and Waldron (1955) was referred to as the Belkofski Formation by Burk (1965) . The name Belkofski Formation is preferrable because the section contains a significant thickness of volcanolithic sandstone and carbonaceous mudstone in addition to typical tuffaceous sandstone and siltstone. The Belkofski is the oldest known formation in the Cold Bay area. The Belkofski, estimated to be 6,560 feet (2,000 m) thick, by Burk (1965) , crops out extensively in the hills surrounding Belkofski Bay (Fig. 2) . The lower part of the formation consists of grayish-green massive volcaniclastic sandstone originally called the "green, arkose" by Kennedy and Waldron (1955) . In spectacular cliff outcrops along the northwest shore of Sandstone is composed mainly of volcanic rock fragments cemented by montmorillonite and heulandite (Fig. 4) . Rapid facies changes are common, both laterally and vertically. Beds tend to be lenticular, and channels are common.
Trough crossbeds suggest bimodal current flow reflecting tidally influenced environments (Fig. 3) . Columnar sections depicting lithology and fossil distribution in the Tachilni Formation are shown in Figures 8, 9 , and 10.
These sections were measured in two locations in the seacliffs between False
Pass and Belkofski Bay, and a third locality between Cape Tachilni and Frosty Peak (Fig. 3 , locality no. 5).
Paleocurrent indicators for the Tachilni Formation are shown in Figure 3 , localities 1 through 5 (Table 1) . Fossil assemblages in the Tachilni Formation ( (1961) .
PLUTONIC ROCKS
The oldest plutonic rock in the Cold Bay area is the granodiorite on Sanak Island which intrudes the Shumagin Formation and has a K-Ar date of 59.9 m.y. (Moore, 1973b) .
Stocks of quartz diorite intrude the Belkofski Formation to the east and west of Belkofski Bay and on the north shore of Deer Island (Kennedy and Waldron, 1955) . A well-exposed contact is located on the north shore of Deer
Island where intruded strata of the Belkofski Formation are highly indurated by silicification.
In the absence of radiometric dates, the age of the quartz diorite can only be estimated from stratigraphic and regional relations. The Shumagin Formation on the Sanak Islands can be considered to be effective economic basement (Bruns and von Huene, 1977a) , mainly due to complex structure and burial metamorphism.
Tertiary Rocks
The reservoir potential of sandstone in the Belkofski and Tachilni formations is similar in that both are composed mainly of volcanic grains with adundant tuffaceous matrix (Fig. 4) . Grains of plagioclase and volcanic rock fragments are chemically unstable and have been altered to clay matrix, chlorite, and zeolites, which reduce intergranular porosity and permeability.
Reservoir properties in the Belkofski Formation are further reduced by silica and zeolite cements generated by burial, and intrusions of granitic rocks, Table J .<
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Volcanic and sedimentary rocks Sandstone, tan, medium to granule size grains, interbedded with pebbly siltstone and mudstone. Forms cliff. Becomes greenish gray towards top. Sandy intervals composed of volcanic rock fragments.
Sandstone, dk. reddish brown, thin bedded, silty.
Boulder breccia lens, weakly graded, volcanic boulders at base. Silty matrix. Sandstone, tan to It. gray, interbedded fine to very coarse graded beds. Very silty throughout. Channel-like lenses thicken to south.
Cobble breccia, graded with angular volcanic clasts.
Pebbly siltstone, tan, angular tuff clasts in silty matrix, probably a mudflow deposit. Interbedded volcanic sandstone and pebble conglomerate.
L/nconformi ty-truncates section more deeply 200 m to east.
Bear Lake ? Formation Sandstone, It. gray to It. tan, fine grained beds interlayered with coarse grained sandstone locally peobly. Graines composed of quartz, feldspar, and kaolinitic rock fragments. Crossbedded in part, local scour-fill cnanneling.
Sandstone, It. gray to It. brown, coarse gr., pebbly, silty matrix. Quartz, feldspar and kaolinite.
Sandstone, as above.
Siltstone, dk. brown.
Sandstone, It. tan, fine grained, silty, rich in quartz and feldspar.
Siltstone, dk. brown, punky with thin sandstone interbeds. Sandstone, It. gray, fine grained, silty, composed of feldspar quartz and volcanic rock fragments.
Pillow basalt, grades laterally into massive flow with vugs and veinlets filled with white calcite; interbedded with green sandstone and reddish mudstone. Local rounded basalt boulders up to 40 cm in diameter.
Marker bed: sandstone, very coarse grained, pebbly, massive and laterally continuous in outcrop area.
Volcanic boulder conglomerate, lenticular.
Sandstone, fine to medium grained, buff colored, massive with thin gray mudstone interbeds.
Marker bed: sandstone, gray, medium grained, interbedded with very coarse grained sandstone; forms ledge.
Sandstone, very coarse grained, massive; forms ledge.
Sandstone, medium to coarse grained, weakly crossbedded, thickness varies laterally.
Lens of volcanic conglomerate, clasts include cobbles and boulders, massive, natrix supported.
Conglomerate, pebbly, massive, greenish gray at top becomes purplish at base. Volcanic clasts, local beds of cobble sized lag. Sandstone, gray with black laminae, fine to medium grained, pebbly beds rich with fossil bivalves. Bimodal trough crossbedding.
Not measured
Section continues downward, but is cut by volcanic dikes. Cold water, 0-50 meters depth. 
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